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Final Note on the Relative Suitabilities

of D.T.De303 and D.T.D. 527 Rivets Tor
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SUMMARY

The rate of contact oorroxion hetween DeToDe 118 magnesium alloy
sheet and D.T.D. 327 aluminium alloy rivets was found to be reater thon
that tetween D,TeD.118 shect and D.TeD. 303 aluminium alloy rivets whon
sub jected to a sea-~vwater spray tests This was so with both stre el
unstressed specimens; toth in conjunction with various protcctive int
ing schemes, and without protective paint.

Visunl examination wes confirmed by strength tests on the coirru
specimens and by measurement of the depth of corrosion on the magncsi
11loy sheet.

The greater rate of corrosi it DeTD { riveta is con
to ne to factor ach ags=

r hydropen overvoltng ith D.T.D. 327 rivets than with ]
rivets

(t) f ter dit'f'eren ent stween D.T.D. 327 and DW.T.D
t

2 Y
butween 0 .T.D.1108.

It i i ¥ 27 rivets are unsuitable for r

DeTeDe 303 1 i e 1 forr Joinin o TeD. 1138 sheete
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Fig.2 aho
ach group of fiv
corrosion.

.::‘- tiowns ¢ Sy 1t Lor ti
(The markingat each end of t specimens are

magnesium alloy links, and not to corrosiomn.

2 Fige4 shows four ot ¢ X

corrosion.

Strengtin tests

After eight wecks corrosion all the single riveted joint:
to destruction in tension (fece with the rivet in shear) wd t
tatulat in Table IT, Three failures were due to rivet
2 to the sheut breaking at the pins and 115 to the shect £ n
rivet.

An analysls of variance was made to dotummine iff abscrved s

lit'fercnces tetween single factors were signiricant. AS wns suc
the DeTeDe 303 riveted joints wore found to be stronger than the D.
riveted joints, the dif'ference in strongtl ing highly significar
It vas also found that the differcnec in strengtl tueen pointed
painted specimens w ikl signitricant, the painted oncs being tl
nd that the stressed specimen r¢ gignificantly stronger than t
tressed oncs. There vas no siznificant dirferonoc in the strengtl

ccimens treated with ‘foerent jointing compounds. That the str
specimens should b ignificantly stronger than the unstres r
to indicate that ti tressing ean rk hardening of' ¢ lagInes
lloy shect,

wsuroment off Corrosio

To verify the strength results, t
pagnesium 1lloy sheet was measured on

cimens Bxunined rivet

22, 23, ..r.:v.,«c_sg

22, 23, 24 Do ToDs 327

2 g DeTel *0};

Unpainted

3 by D% --4!.~.j“l

8, 10 s T D 303)
:!, Oy 9 D.T.D _927)
17, 18, 20 « T+ D 303 Strossed
17, 18, 20 ) « 327 s =

The fracturvd specimens were cut longltudinally down tl iddle off
% strip, t dvet ranoved and the cut face o' cach atriy pelisl A
projucted on to the soreen of ckers Projection Wicroscopc. T}
maximum depth of corrosion of euch strip was surod.  This depth was
found to be statistically significantly greater for the DeT.De 327 than Tor
the D.T.D. 303 riveted specimens, the average depths being 29% and 12% ot
the uncorroded thickness reuspoectively.

erosecopic xumination of Rivet:

The rivet from cach ef the tollowing specimens




Techeliote lio. Mct.id
mdoroscopically to idecatify the type of ocorrosion.
Micro-Specimens Rivet Stress
GH 22, 23, 24 D, T\ Do 327
D 32, 24, W2 :».':.:“»._*('g Stressed |

GH 33, 34 EFZ7 D,T.D, 327
29 D. T.D. 327 Stressed Painted

CD ??, 23, 24, 5 D.T.D.}Oj; Unstressed 1
’ Unpainted

all the rivets showed some signs of piiting corrosion, the
DeTeDe 327 rivets slightly more so than the D.T.D.303 rivets, but in
neither type was there any susceptibility to intercrystalline corrosion,
altiough there vas some corrosion penetration at isolated places where
the rivet hcad had been cold worked at formed and preformed heads. At
many of the corners between head and shank large cracks were found, but
these were attributed to either the riwveting oxr strength testing. CD5
and CD22 werc two of the three rivets which sheared during the strength
tests and EF29 was the specimen which had the lowest strengthe  None of
these three showed corrosion characteristics differcnt from the other riv
(The low strength valuc of EF29 and possibly one or two othurs was attributua
to a possiblc crack in the shect duc to the spucimen being bent during
riveting. ) i

3¢5 Detemination of Corrosion Current, Elecotrodo Potuntial and Overw
voltasgu

A circuit vas arranged whoercby the current flowlng botween a
D.T.De118 shect and a rivet, placed in scawater, could be measurcds
Por this tcst all protective coatings were ruamoved from the rivet and
shuet, which wore then placed about 1% inches apart in seawators  The

current flowing was measured over a period of hours by means of a record-
ing milliammeter placed in the extornl circuit, the latter being of

low resistancc (0.055 ohms). The large difference of current obtaincd
using the two kinds of rivets (sec Tuble IIT) oamsed dcterminations of
vlectrode potential and overvoltage of the rivets to be made.

The cluotrodu potentinl in scawater of each type of rivet and of
the sheet vus measured by means of u valve potentiametcer, the potentials
being measurcd against a saturatced calomel clectrode with free access of
air at 20°C. The diffcrence of potential of the D.T.D,327-D.'f.D.118
pair vos found to be slightly largerthan that of the D.T.D, 303=D. T.D.118
pair (scc Table ITI) but this only partly cxplains the large differcnce
of corroslon currnt.

Hydrogen overvoltage is a factor which opposes the {lew of corrosion
urrente  Hence, if the overvoltagu with the DeT.D, 527 rivets vas not s
high as that with the D.T.D. 303 rivets, this would also be a factor in
:xplaining the much higher oorrosion current vith the De®.Ds 327 rivetse.

The measuraments of hyduozen overvoliage wure carried out (at inter—
vals during 24 hours) by the "direct" mcthod, iece vith the polarising
current I'lowing continuously and maintained at a constant valuce Actual
rivets and magnesium alloy sheet with proteotive coutings ramoved wun
uscd as clectrodess The scawatcr in vhich the metals wers immorsed had
becn previously safurated with magucsium hydroxide hy clcotrolyads using
a platinum cathode and magnesium anodc. The pH of the scusmter sms
measured by means of the glass oluctrode betfore and after overvoltag
measurcnents. The overvoltages were obtained by subtraocting the

e
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potentials of the reversitle hyérogen clectrode in the same solution frum
the measurcd cathodic potentials, while the hydrogen electrode potential
were obtaired from the observed pH values (sec Table IIX),

As vas suspected the overvoltage »ith the D.T.D. 327 riveta wm.
found to te lower than with the L.T:De303 rivetss It was also observe
that with the D.T.T. 303 rivet the overvoltage rises with time while wit
the DeTeDe 327 rivet it falls wdith time, In addition, thc overvoltag
at the higher current density with the D.ToDs 327 rivets is, after 2
hours, not only lower than with the D.T.D.303 rivet, tut also lower than
vith the D.T.D.327 rivet at the lower current density. This swuigests
that the effect of overvoliaze is cumulative.

4 Conclusions

The rate of corrosion in seawater between D.T.D.1186 sheet and
D.TeD. 327 rivets was fourd to be greater than that between D, T.D.118
sheet and D.T.D. 303 rivets, the corrosion curcent with the D.T.D.327
rivet being about 30 times that with the D.T.D.303 rivet when in contact
with the same magnesium alloy shect.

Experimental evidence hns becn obtained showing that this is duc toi-

(a) Lower hydrogen overvoltage with the D,T.B. 327 rivets than with the
DeTeDe 303 rivetse

(v)  Greater differcrce of potential between DeTeDe327 rivets and
DeTeD.118 shect than botween Do T.D. 303 rivets and D.T.D.118 sheect.

Factor (a) appears to be more important than factor (b)e

Microscopical examination revealed no tendency to intercrystallin
corrosion in either rivet, althougihad the DeT.D.303 rivets beon previously
sub jected to tropical temperaturss this type of corrosion might have
occurred.

It is conoluded that D.T.0s327 riveta are unsuitable for replacing
DeTeDe 303 rivets where they arc used for jJoining Do T.D.118 sheet.

Refe NOo Author Title, cte.

1 ictealfe, GoJ. The erfect of tropisal tuuperaturc on ti
miorostructure and corrosion rcsistance of
55 magncsiwm aluminiun alloy rivets to
Specit'ication D, T.D. 303.
R.A.E. Heport Ho. M.7925A, Junc, 1240,

Attached:
Tables I - IIT
Figsel = L = Necgs. M.8740A.
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Ourrent and Fotential Measurements on lMasgnesium Alloy Sheet
in contnct with Aluminium alloy sivets

() uMeasurement of Corrosion Current

The current flowing between a DeTeDe 327 rivet and DoTeDe 118 shect w
placed about 13" apart in scawnter and conneoted externally vams about 30
times as great as the current flowin tiween & DeTeDe 303 rivet and a
DeTeDe118 sheet under similar conditicnase.

(b) Measurcment of Potential Differences

h R s 3 O~
The potentials, measured in seavater with free access of adr at 20°C.,
igainat a saturated calomel clectrode wurei=

t i
| DeT+Da303 rivet { DaPDu 327 rivet !DeT.Ds118 sheet !
[ =0.77 volt ~0.64, volt

I
t m—
Potential | =le65 volt

86 volts

Hence PoDe betwecn DeToDe 303 rivet and D.T.D.118 sheet = 0
= 1,01 volts.

Peis between D,TeDe 327 rivet and DeT.De118 shoct -

(c) Measurament of Overvoltages

Rivet I Dyt4Da 303 DeTaDe 327
, .

Mxperiment t R t [} i

urrent Density at Rivet iy ! 1 1

e
& 10

(Milli~mps/sqecs)

-

oH at beginning of experiment | 9,70 9,70 | 9.70, 9.80 ! 9.70
i L )

PH at end of expuriment e 52 3.54; 9.52 1 9453 | 9.l

Overvolta at bepinning ot
oxperiment  (volts)

Overvoltage at end of exgeriment !
(volt. ,) OeJa

0682 06835 0.80 ' 0.80 | 0.93

Oe :)L,. H O b_ Qe L35 O Di4

- —— ———————— e = ————
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